Introduction

25
Dryland systems present a challenging environment for agricultural production, yet comprise 27% of records from the two sites (Fig. 2) . Site-specific AERONET measurements ( !!" !"#$ ) and MODIS 222 retrievals directly over the Solar Village ( !!" !_!" ) and Tawdeehiya ( !!" !_!"# ) were combined to exploit τ 550 predictions over Tawdeehiya ( !!" !_!"# ). Specifically, the relative spatial difference between the 225 MODIS retrievals (average value of a 3×3 pixel box centered over the sites) was used to adjust the
226
AERONET measurement between the Solar Village and Tawdeehiya according to: clear atmospheres where molecular scattering becomes dominant (Kaufman and Joseph, 1982 
366
In this study, the ancillary LAI data was derived from RapidEye spectral data based on an empirical (Table 2) . Of these, the soil parameters, Chl l and LAI were allowed to vary on a per pixel basis, 
468
based results (Fig. S4) .
The correction for adjacency effects induces further decreases in the surface reflectance field (Fig.   470 4a), particularly over vegetated pivots (Fig. 4b) , while small increases may occur over the surrounding 471 desert soil (Fig. 4a) .
472
The correction is most pronounced in the visible bands, in part due to the increase in Rayleigh particularly in the red domain due to radiation absorption by chlorophyll pigments (Fig. 3) . In the of 0.64 (18.6%) using the same dataset for training and validation (Fig. 5a) . Interestingly, the use of 
511
The spatial and temporal information content of the model-based retrievals of LAI and Chl l are shown 512 for a section of the Tawdeehiya farm in Fig. 6a and b, respectively. These retrievals were based on the 513 REGFLEC configuration with consideration of both adjacency effects and foliar dust (R adj_dust ). The 514 majority of the pivots (~800 m diameter) grow alfalfa, which tends to be characterized by significant 515 within-field variations in vegetation density (i.e. LAI) during all stages of crop development (Fig. 6a) .
516
The center-pivot irrigation wheel trenches are clearly discernable and several field sections are 517 characterized by patchy vegetation conditions, due in part to non-optimal growing conditions. The (Fig. 6b) . While the spatial features in alfalfa Chl l are more subtle, farm-wide statistics do 521 indicate significant within-class variability, with standard deviations ranging from 9-12 µg cm -2 522 (Table 3) (Table 3) , although Chl l is comparatively low for all crops on 527 DOY 87 (Fig. 6b) . Across-field narrow sections of reduced LAI appear in the rightmost carrot field 528 ( Fig. 6a) , which result from the installation of a wind-break style shield consisting of a row of maize 529 plants. 
Validation of LAI and Chl l retrievals
563
The value of the REGFLEC based LAI and Chl l retrievals for dryland agricultural applications 564 ultimately relies on the absolute retrieval accuracy and utility for reproducing observed gradients. 
585
For Chl l the overall model performance (R adj_dust ) is described by an R 2 of 0.62, an RMSD of 10.9 µg 586 cm -2 (21.9%), a MAD of 7.9 µg cm -2 (15.9%), and an MBD of -4.5 (-9.1%) (Fig. 8a) . The model 587 predictions are particularly encouraging for maize (Table 4) , where almost all retrievals are within the standard deviations of the in-situ measurements over a wide range in Chl l values (Fig. 8a) . Over the arid sites examined here, the addition of the fraction of foliar dust in the model inversion 609 constitutes a significant improvement over model results (R adj ) not corrected for foliar dust (Fig. 8b   610 and Table 4 ). This is particularly evident for LAI, which sees the overall R 2 decreasing to 0.80 and the 611 relative RMSD increasing to 27.1% when setting D f =0 (Fig. 8b) respectively. Since modeled foliar dust amounts are low on DOY 89 and 151 (Table 3) , the impact of 617 the foliar dust correction on the retrieval accuracies is minor on these days. This explains the statistics 618 of the maize retrievals, which are largely unaffected by the correction, as these were predominantly 619 from the DOY 151 overpass (Fig. 8b and Table 4 ).
621
If adjacency effects are not considered in the atmospheric correction (R noadj ), the LAI estimation 622 accuracies deteriorate for all crops, with the RMSD ranging from 55% to 63% (Fig. 8c and Table 4 ).
623
The effect on the Chl l retrievals is mostly evident for maize, where retrievals fail (i.e., lower bound is 624 reached) for low LAI (Fig. 8c and Table 4 ). The substantial difference between the adjacency 625 corrected and uncorrected spectral surface reflectance field (Fig. 4) used as input to REGFLEC, is 626 mostly compensated for by reductions in the model based LAI values. In most cases, the Chl l 627 retrievals remain reasonable (Fig. 8c) . This is partly attributed to the empirical LAI constraint and the (Fig. 9) . The use of uncorrected reflectances in the REGFLEC inversion (R noadj ) results in 639 significant discrepancies between modeled and observed pivot-averaged reflectances, with model 640 underestimates in the green and red band up to 60 % ( Fig. 9a and b) . In the inversion process, the 641 matching of modeled and observed reflectance spectra is informed by the ancillary LAI input. The 642 significant bias (52% underestimation) between LAI anc and LAI regflec (Fig. 9e) considerably when REGFLEC is inverted using surface reflectances with the adjacency correction 646 applied (R adj ) (Fig. 9e) . This results in a significant decrease in the relative reflectance differences 647 across all wavebands (Fig. 9a-d) . Improvements are particularly evident over intermediate to densely
648
vegetated pivots (Fig. 9a-d) .
650
Consideration of foliar dust (R adj_dust ) generally improves reflectance and LAI based compatibilities, 651 especially on DOY 102 (Fig. 9) . On this day, the model derived crop-specific fractions of foliar dust 652 (D f ) vary between 0.15 and 0.24 (Table 3 ). The significant amount of modeled foliar dust is 653 corroborated by dusty and windy conditions during and immediately preceding this image acquisition 654 ( Fig. 2 and Table 1 ). The two other RapidEye acquisitions occurred during periods with relatively 655 lower aerosol loadings (Fig. 2) and less exposure to deposition of atmospheric dust, as also reflected 656 in the records of D f (Table 3) .
658
For both configurations (R adj and R adj_dust ), reflectance discrepancies are smallest in the red-edge band
659
( Fig. 9c) , as this is used in the VI based prediction of both LAI and Chl l (Section 2.5.1). While the optimal solution is based on minimizing the mean absolute error between modeled and observed 661 reflectances across all 4 spectral bands (Eq. 5), the green band is not directly involved in the actual 662 prediction of LAI or Chl l . This in part explains the relatively large green reflectance deviations (Fig.   663   9a ). In addition, the green band is located at a shorter wavelength and is therefore more sensitive to 664 the quality of the atmospheric correction (Miura et al., 2008 ). This will affect the utility of this (Fig. S3) , which may not always be compensated by leaf structure tendencies 761 (Gitelson et al., 2005 modeling of coupled carbon , water , and energy fluxes using nominal light use efficiencies N=1.75, s 1 =0.4, and s 2 =0 assuming the observation geometry from DOY 102 ( Table 1 ). The spectral responses of the green, red, red-edge and near-infrared RapidEye bands are shown on the secondary y-axis. Table 4 . Resulting relationships between ancillary and REGFLEC LAI are depicted in (e).
